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Abstract
We investigate the impact of an exogenous environment on the emergence of social
herding of economic sentiment. An interactions-driven dynamics of economic senti-
ment is modeled by an Ising model on a large (two-dimensional) square lattice. The
individual states are called optimism and pessimism. The exogenous environment is
modeled as a sequence of random events, which might have a positive or negative in-
fluence on economic sentiment. These exogenous events can be frequent or rare, have
a lasting impact or a non-lasting impact. Impact of events is inhomogeneous over
the lattice, as individuals might fail to perceive particular events. We introduce two
notions of social herding: permanent herding refers to the situation where an ordered
state (i.e. a state with an overwhelming majority of optimists or pessimists) persists
over an infinite time horizon, while temporary herding refers to the situation where or-
dered states appear, persist for some time and decay. The parameter of the inter-agent
interaction strength is such as to engender permanent herding without the influence of
the environment. To investigate the impact of an environment we determine whether
an initially ordered state decays. We consider two cases: in the first case positive and
negative events have both the same empirical frequencies and strengths, while in the
second case events have the same empirical frequencies but different strengths. (In the
first case the environment is “neutral”in the long term), In the neutral case we find
temporary herding if events are sufficiently “strong” and/or perceived by a sufficiently
large proportion of agents, and our results suggest that permanent herding occurs for
small values of the parameters. In the “non-neutral” we find only temporary herding.
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1 Introduction
Recently, there has been renewed strong interest among scholars of economics in the notion
of consumer sentiment – a vague concept operationalized in particular surveys as a bundle
of consumer expectations and assessments of the economic prospects – on individual and
aggregate economic activity [11, 27, 35]. While consumer sentiment has been considered a
relevant indicator by practitioners of economic policy [20], economic modeling is primarily
concerned with other, more specific types of expectations (such as income and price expec-
tations for a particular point in time), and there is much less agreement among theorists in
what way – if any – the concept of consumer sentiment – or, more generally, the concept of
economic sentiment – should enter economic modeling.
The basic assumption of the present paper is that economic sentiment is prone to imita-
tive social influence, in that, say, a consumer is more likely to hold an optimistic (pessimistic)
expectation about the economic prospects if the peers do. That assumption is well substanti-
ated: according to experimental social psychology, an individual is the more likely to conform
to the judgment of others the less (s)he is able to form an own judgment in a rational and
informed manner [1, 2, 13]. Since experimental studies in the human perception of complex
dynamic systems [16, 36] suggest that a typical consumer has only a limited perception about
the functioning of the economy and the political system in which it is embedded (arguably,
this limitation applies to a considerable extent even to specialists), one is indeed led to the
conclusion that the formation of economic sentiment is prone to social imitation. Social
imitation of consumer sentiment might or might not result in herding of economic sentiment
at the macroscopic level. The conditions for the emergence of sentiment herding at the
macroscopic level are investigated for a particular model in the present paper.
The general phenomenon of social herding has attracted much interest in economic the-
ory over the last two decades, particularly in the wake of disturbances on financial markets
(see [3, 5, 25, 26, 29, 6] for some seminal contributions). A principle question in models of
social herding is whether or not individual behavior should be derived from the principles
of economic rationality. The first two of the above cited papers do so. Our paper does
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not, as it is based on the statistical modeling approach1 which directly applies to sentiment
formation the empirical evidence of social comparison processes (see [1, 2, 13]) rather than
explaining economic sentiment formation from rationality principles. We believe that the
statistical approach is particularly appropriate for modeling the dynamics of economic senti-
ment because economic sentiment, if considered as a particular instance, or at least part, of
a consumer’s mental model [8, 33], is a premise of individual reasoning and decision-making
rather than the subject of it. Most directly, our present paper belongs to the recent literature
on socially-driven economic sentiment formation [14, 21, 12, 37, 38].
The aim of this paper is to investigate the impact of an exogenous environment on the
emergence of social herding of consumer sentiment. Indeed, economic traders react as much
to the news coming from the broader geo-political environment – whether or not these news
items are objectively interpreted – as to the behavior/advice of others. Consumer sentiment
subject to social imitation is modeled in our paper as a large Ising field with nearest-neighbor
interactions on a (two-dimensional) square lattice. The individual states are called optimism
and pessimism. Social herding corresponds to the emergence of coordination states of the
Ising model, i.e. states with predominantly optimistic or predominantly pessimistic indi-
vidual entities. The environment is modeled as a a sequence of exogenous events (external
influences), stochastically fluctuating over time. The exogenous events can be frequent or
rare, have a lasting impact or a non-lasting impact. The field of events is not homogeneous,
as individual actors might fail to perceive events. Though the environment does have an im-
pact in existing models of financial herding, for instance in chartists-fundamentalists models
[25, 29] as changes in the fundamental value, or as news affecting traders [30], our model
– due to its simple abstract structure – is particularly suitable for analyzing the interplay
of social (local) interactions and environmental (global) influences in a more abstract way
suitable for computer simulations. 2
Motivated by our results, we introduce two notions of social herding in our model: perma-
nent herding, the stronger notion, refers to an ordered state (i.e. a state with an overwhelm-
ing majority of optimists or pessimists) which persists over an infinite time horizon, while
temporary herding refers to a state in which ordered states appear, persist for some time and
1 See [15, 31, 19] for early formulations of the statistical modeling approach in economics and sociology.
2 In socio-economic applications of the Ising model, an external environment has been previously consid-
ered by [19, 18, 22]. Relatedly, there has been much interest recently in the more general issue of disentangling
endogenous and exogenous dynamics in complex systems [9, 34].
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decay. The parameter of the inter-agent interaction strength in the underlying Ising field is
such as to engender a persistent ordered phase of the infinite model (permanent herding in
our terminology) without the influence of the environment. To investigate the impact of an
environment we determine whether an initially ordered state decays for the two cases that
positive and negative events have both the same empirical frequencies and strengths (i.e. the
environment is “neutral”in the long term) and that the latter property does not hold. In the
neutral case we find temporary herding if events are sufficiently “strong” and/or perceived
by a sufficiently large proportion of agents, and our results suggest that permanent herding
occurs for small values of the parameters. In the “non-neutral” case we find only temporary
herding.
In the present paper we concentrate on the interplay of endogenous and exogenous in-
fluences on economic sentiment, neglecting its link with real economic variables. We do so
because that link has not been investigated at the behavioral level; see [12, 37, 38], however,
for attempts to account for that link in similar or related models).
2 The model
We let the Ising model on a two-dimensional square lattice with nearest-neighbor interac-
tions represent socially-driven collective dynamics of economic sentiment.3 The variable xi
denotes the economic sentiment of agent i. Individual states xi = −1 and xi = 1 represent
the individual states of pessimism and optimism respectively. It is well-known that for in-
teractions between agents stronger than some critical value Jc (leaving aside any external
influences) there exist on the infinite lattice two phases of the sentiment field (“coordination
states”), with the economic actors in each of them being either predominantly pessimistic
or predominantly optimistic [10]. These phases are stable states which emerge – in an ap-
propriate formal sense – already in a large enough finite system [23] (“permanent herding”
in our terminology).
3We must point out the limitations of our basic model. First, the topology of social interactions is hardly
as simple as a square lattice, yet we are not aware of empirical investigations of network structures for our
particular subject of social interactions, and network structures found for other contexts (see e.g. [4]) are
not necessarily transferable to our context [32]. Second, interactions need not be symmetrical with respect
to the individuals involved, as is the case in our model. Third, the individual states of economic sentiment
should be more rich, possibly even continuous. However, we do believe that the Ising model provides a first
approximation to the type of systems we aim to analyze.
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The events affecting consumer sentiment (“the environment”) at a given point in time are
modeled in the present paper as realizations of a random variable B with the possible values
B = b (“positive” event), or B = −b (“negative” event), or B = 0 (no event) in the case of a
neutral environment, and B = −2b ceteris paribus in the case of a biased environment. We
assume an agent perceives the event correctly with probability p, while ignoring the event
with probability 1 − p. Perception of an event is independent among agents. We introduce
a variable ǫi such that ǫi = 1 represents the situation that agent i perceives the event and
ǫi = 0 that he does not.
According to principles of statistical modeling, the following interaction potential4 ap-
propriately characterizes the interaction structure of our model in a finite square lattice
Λ
H(x) = −
J
2
∑
i,j∈Λ:||i−j||=1
xixj − B
∑
i∈Λ
ǫixi, (1)
with periodic boundary conditions specified in our simulations. The strictly positive parame-
ter J characterizes the interaction-to-noise ratio. The first sum accounts for local interaction
between individual agents, while the second accounts for the impact of the exogenous events.
In Monte-Carlo Statistical Physics equilibrium states are obtained from an appropriate
algorithm (which can be interpreted as a stochastic dynamics of the system), whereby indi-
vidual sites are sequentially updated according to the probabilities proportional to exp(−H),
using the prevailing configuration of next-neighbors. In doing so, we use the following spec-
ifications of the process Bt representing the environment: external events can be frequent
(time scales of the Ising field and the external field are comparable) (see Figure 1, top),
lasting but rare, (e.g. the environment may change only once in T updates of all individual
variables) (see Figure 1, top), and rare transitory (i.e. shocks; see Figure 1 bottom). Positive
and negative events/shocks occur equally frequent (on average) in all cases.
3 Results
Figure 2 summarizes our simulation results on the persistence of an initial ordered state
of the consumer sentiment field for the case of a large system and a neutral environment.
The curves in Figure 2 separate areas of the parameter space – the parameters being the
4In physics, Eq. 1 has the interpretation of energy, and the sum of individual energy contributions is called
Hamiltonian, and the model is the Ising model. In social sciences, we do not have a quantity corresponding
to energy, such that Eq. 1 is merely a representation of interactions between people and events.
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proportion p of agents perceiving the event5 and event “strength” b – for which the initial
ordered state persists over 4000 Monte Carlo time steps (these areas are below a curve), and
in which the initial ordered states do not survive over 4000 MCTS (these areas are above a
curve). For a fixed b, the proportion p was diminished until for half of the four simulated
samples no change from the initial optimistic majority to a slight majority of pessimists was
observed during 4000 iterations (sweeps through the lattice). This border point then was
put into Fig.2.
As 4000 is a somewhat arbitrary time scale, we also investigated stability of an initial
ordered state over very long times for frequent news and Jc/J = 0.9. Figure 3 depicts the
dependence on p of the median time at which the ordered state is destroyed for a fixed
exemplary value b = 1. It turns out that this time tends to infinity for p ≃ 0.16, close to the
corresponding p ≃ 0.20 for 4000 iterations in Figure 2. This suggests that there is an area
of the parameter space (presumably separated by a curve running slightly below the curve
in Fig. 2) for which an ordered state is stable over infinite time horizons for a very large
lattice. (Small lattices do not have sharp transitions.) In this case, the environment does
not have a destructive impact on collective consumer sentiment.
What are the properties of the model for parameters b and p above a curve in Fig. 2?
The inspection of figures displaying time-paths of the proportion of optimists/pessimists for
parameter values above a curve in Fig. 2 (available from the authors on request) shows that
the typical time-path above a curve in Figure 2 is irregular: Periods of collective pessimism
emerge, persists for some time and decay, as do periods of collective optimism. Periods of
collective pessimism and optimism change much more slowly than the exogeneous environ-
ment, thus collective pessimism (optimism) often persist while and despite positive (negative)
events occur. Periods of collective pessimism and optimism occur – as positive and negative
events – equally frequently over time for the neutral environment.
These results lead us to introduce two notions of social herding in our model: permanent
herding, the stronger notion, refers to an ordered state (i.e. a state with an overwhelming
majority of optimists or pessimists) which persists over an infinite time horizon, while tem-
porary herding refers to a state in which ordered states appear, persist for some time and
decay. (Note that the parameter of the inter-agent interaction strength in the underlying
Ising field is such as to engender a persistent ordered phase of the infinite model – perma-
nent herding in our terminology – without the influence of the environment.) Thus, for the
5Clearly, for large enough systems this fraction equals the probability p of an agent perceiving the event.
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neutral environment, our results strongly suggest that permanently stable ordered states of
collective pessimism/optimism do not occur if events are too strong and/or are considered
by a sufficiently large proportion of agents. This is due to a “competition” between the
social mechanism tending to produce coordination, and the disorder of the external envi-
ronment. Given that positive and negative events have equal empirical frequencies, such
that the environment is “neutral” with respect to sentiment, it is quite intuitive that a
widespread perception of external events destroys endogenous collective states: the disorder
of the environment then prevails over the tendency to herding in economic sentiment.
We also considered an environment which is biased in favor of pessimism. We take the
strength of negative event as −2b, i.e. twice as strong as the positive event b. Analogously
to Fig. 2, the curves in Figure 4 separate areas of the parameter space in which the initial
ordered state persists for a simulation length of 4000 Monte Carlo time steps (these areas
are below a curve), and in which the initial ordered states does not survive over 4000 MCTS
(these areas are above a curve). Fig.4 shows that the b or p values required for this transition
are now drastically smaller than for the neutral environments in Fig.2. Analogously to Fig.3
we show in Fig.5 the variation of the median destruction time, but now for this biased case
of Fig.4. Roughly the data follow a straight line on this log-log plot, suggesting a finite
decay time for all finite p, going to infinity for p → 0 only. We see upward deviations for
small p but the larger the lattice is the smaller are these deviations. Thus in the biased case,
in contrast to the unbiased one, the initial order is always destroyed if we only wait long
enough.
4 Discussion
States of “collective pessimism” – if this social phenomenon indeed occurs – might be detri-
mental to the efficiency of allocation of economic resources. Indeed, “explanations” to that
effect can often be heard in the public discussion about the state of the economy and eco-
nomic policy. We believe that economic-sentiment-based arguments are relevant despite the
lack of proper theoretical foundations, and the present paper is an exploratory step toward
formulating relevant models. Our results confirm an intuitive presumption: attention to
news reduces the prevalence of collective economic sentiment. This result appears to suggest
that our model might be a useful starting point, though the present paper does not cover
several important issues. In particular, the role of the graph structure of the underlying
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network should be investigated. Also, we have not specified the actual “transmission mech-
anism” of economic sentiment into economic variables necessary for a welfare analysis of the
impact of collective economic sentiment.
A more general problem lies in the fact that what we called environment is only in
part exogenous, as the economy itself produces relevant news which is interpreted by the
decision-makers – albeit not necessarily in a correct way. For instance, prolonged investor
pessimism might lead to a reduction of GDP, which in turn negatively affects investor sen-
timent. Such collective expectational biases turning into real economic forces have been
qualitatively described by Keynes [24], but are largely neglected in modern macroeconomic
theory. (In contrast, recent modeling of financial markets does incorporate expectational
biases (see [28, 29] for seminal contributions to this research direction). The present model
does not include a feedback from real macro-variables (“endogenous environment”) to the
economic sentiment (see [38] for an attempt in this direction) as we do not specify a link of
economic sentiment to real variables.
References
[1] Asch S.E., Effects of Group Pressure upon the Modification and Distortion of Judgment,
in: Groups, Leadership and Men, ed. Guetzkow M.H. 117-119, Pittsburgh, Carnegie
(1951).
[2] Asch, S.E., Studies of Independence and Conformity: A Minority of One Against a
Unanimous Majority, Psychological Monographs, 70, 9/416 (1956).
[3] Banerjee, A., A simple model of herd behavior, Quarterly Journal of Economics CVII
(3), 797-817 (1992).
[4] Baraba´si, A. and Albert, R., Emergence of scaling in random networks, Science 286,
509-512 (1999).
[5] Bikhchandani S. , Hirshleifer, D. and I. Welch, A Theory of Fads, Fashion, Custom
and Cultural Changes as Informational Cascades, Journal of Political Economy 100 (5),
992-1026 (1992).
[6] Cont, R. and Bouchaud, J.-P., Herd Behaviour and aggregate fluctuations in financial
markets, Macroeconomic Dynamics, 4, 170-196 (2000).
[7] Callen, E. and Shapiro, D., A Theory of Social Imitation, Physics Today, 23-28 (1974).
8
[8] Denzau, A. T. and North, D. C., Shared Mental Models: Ideologies and Institutions,
Kyklos, 47 (1), 3-31 (1994).
[9] Deschatres, F. and Sornette, D., The Dynamics of Book Sales: Endogenous versus
Exogenous Shocks in Complex Networks, Phys. Rev. E 72, 016112 (2005).
[10] Dobrushin, R.L. , The description of a random field by means of conditional probabilities
and conditions of its regularity, Theor. Prob. Appl. 13, 197-224 (1968).
[11] Dominitz, J. and Mansky F.M. , How Should We Measure Consumer Confidence, Jour-
nal of Economic Perspectives 18(2), 51-66 (2004).
[12] T. Erez, M. Hohnisch, and S. Solomon , Statistical economics on multi-layered variables,
Economics: complex windows, Eds. M. Salzano and A. Kirman, 201-212 (2005).
[13] Festinger L., A Theory of Social Comparison, Human Relations 7, 117-140 (1954).
[14] Foster J. and Flieth, B. , Interactive expectations, Journal of Evolutionary Economics,
12, 375-395 (2002).
[15] Fo¨llmer H. , Random Economies with Many Interacting Agents, Journal of Mathemat-
ical Economics 1, 51-62 (1974).
[16] Funke, J. , Wissen u¨ber dynamische Systeme: Erwerb, Repra¨sentation und Anwendung.
Berlin: Springer (1992).
[17] Galam, S., A new multicritical point in anisotropic magnets: III. Ferromagnet in both
an external and random field, J. Phys. C: Solid State Phys. 15, 529-545 (1982).
[18] Galam, S. and Moscovici, S., Towards a theory of collective phenomena: Consensus and
attitude changes in groups. Eur. J. Social. Psych. 21, 49-74 (1991).
[19] Galam, S., Gefen Y. and Shapir, Y., Sociophysics: A mean behavior model for the
process of strike, Journal of Mathematical Sociology 9, 1-13 (1982).
[20] Greenspan, A. , Remarks to the Bay Area Council Conference, California, January 11.;
available at www.federalreserve.gov (2002)
[21] Hohnisch, M., Pittnauer, S., Solomon, S. and Stauffer, D. , Socioeconomic interaction
and swings in business confidence indicators, Physica A 345, 646-656 (2006).
[22] Iori G. , Avalanche Dynamics and Trading Friction Effects on Stock Market Returns,
Int. J. Mod. Phys. C 10, 1149-1162 (1999).
[23] Kinderman, R. P. and Snell, L. , Introduction to Markov Random Fields, Norton (1980).
9
[24] Keynes, J. M. , The General Theory of Employment, Interest and Money, Hartcourt,
Brace, New York (1936).
[25] Kirman, A., Epidemics of opinion and speculative bubbles in financial markets, In M.
Taylor (ed.), Money and financial markets, Macmillan (1991).
[26] Kirman, A., Ants, Rationality and Recruitment, The Quarterly Journal of Economics
108, 137-156 (1993).
[27] Ludvigson, S.C. , Consumer Confidence and Consumer Spending, Journal of Economic
Perspectives 18(2) 29-50 (2004)
[28] Lux T. , Herd Behaviour, Bubbles and Crashes, Economic Journal 105, 881-896 (1995).
[29] Lux T. and Marchesi M., Herd Behaviour, Bubbles and Crashes, Nature 397, 881-896
(1999).
[30] Manzan, S. and Westerhoff, F. : Representativeness of news and exchange rate dynam-
ics, Journal of Economic Dynamics and Control, Vol. 29, 677-689 (2005).
[31] Schelling, T.C., Dynamic Models of Segregation, Journal of Mathematical Sociology, 1,
143-186 (1971).
[32] Schnegg, M., Reciprocity and the Emergence of Power Laws in Social Networks, Inter-
national Journal of Modern Physics C 17, 1067-1076 (2006).
[33] Shiller, R., Speculative Prices and Popular Models, Journal of Economic Perspectives,
4 (2), 55-65 (1990)
[34] Sornette, D. , Endogenous versus exogenous origins of crises, in: Extreme Events in
Nature and Society, S. Albeverio, V. Jentsch and H. Kantz (editors), Springer (2005).
[35] Souleles, N. S. , Expectations, Heterogeneous Forecast Errors, and Consumption: Micro
Evidence from the Michigan Consumer Sentiment Surveys, Journal of Money, Credit
and Banking, 36(1), 39-72 (2004).
[36] Sterman J., Business Dynamics, Irwin/McGraw-Hill (2000).
[37] Westerhoff, F., Consumer behavior and fluctuations in economic activity, Advances in
Complex Systems, 8, 209-215 (2005).
[38] Westerhoff, F. and Hohnisch M., A note on interactions-driven business cycles, Journal
of Economic Interaction and Coordination, 2 (1), 85-91 (2007).
10
tB
−b
b
t
B
−b
b
t
B
−b
b
Figure 1: Time-patterns of the process Bt representing the environment: time scales of the
Ising field and the external field are comparable (top), lasting but rare events (middle) and
rare transitory events (shocks) (bottom). The proportion of positive and negative events is
equal on average for the neutral environment.
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Figure 2: Areas of the parameter space of our model where ordered states persist and do
not persist for a neutral environment for 4000 sweeps through a 3001 x 3001 lattice: ordered
states of collective sentiment exist for vectors of the parameter values below a boundary
curve, but do not exist for vectors of parameter values above; the curves are as follows: (+)
frequent events, Jc/J = 0.99, (×) frequent events, Jc/J = 0.9; (∗) rare persistent events,
Jc/J = 0.9, (sq.) shocks Jc/J = 0.9.
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Figure 3: The dependence on p of the median time at which the ordered state is destroyed
for the exemplary value b = 1; frequent events, b = 1, side of the square lattice d = 301(+),
1001(x), 3001(*).
13
 0
 0.2
 0.4
 0.6
 0.8
 1
 0  0.5  1  1.5  2
pr
op
or
tio
n 
p
strengths b and -2b
Figure 4: As Figure 2, but for biased (non-neutral) environment. We made 4000 sweeps for
Jc/J = 0.90 (+,x) and 0.99 (*), for frequent events only, for 1001×1001 (+) and 3001×3001
(x,*) lattices. For 1001× 1001 at Jc/J = 0.99 the symbols would overlap with those for the
larger lattice and are thus not shown.
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Figure 5: As Figure 3, but for biased (non-neutral) environment. The side of the square lat-
tice d is 301 (+), 1001 (x), 3001 (solid line) und 10,001 (square). The dashed line corresponds
to a power law time = 10/p4.
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